Specificities of three distinct human chondroitin/dermatan N-acetylgalactosamine 4-O-sulfotransferases demonstrated using partially desulfated dermatan sulfate as an acceptor: implication of differential roles in dermatan sulfate biosynthesis.
4-O-Sulfation of GalNAc is a high frequency modification of chondroitin sulfate and dermatan sulfate (DS), and three major GalNAc 4-O-sulfotransferases including dermatan 4-O-sulfotransferase-1 (D4ST-1) and chondroitin 4-O-sulfotransferases-1 and -2 (C4ST-1 and -2) have been identified. 4-O-Sulfation of GalNAc during DS biosynthesis had long been postulated to be a prerequisite for iduronic acid (IdoUA) formation by C5-epimerization of GlcUA. This hypothesis has recently been argued based on enzymological studies using microsomes that C5-epimerization precedes 4-O-sulfation, which was further supported by the specificity of the cloned D4ST-1 with predominant preference for IdoUA-GalNAc flanked by GlcUA-GalNAc over IdoUA-GalNAc flanked by IdoUA-GalNAc in exhaustively desulfated dermatan. Whereas the counterproposal explains the initial reactions, apparently it cannot rationalize the synthetic mechanism of IdoUA-GalNAc(4-O-sulfate)-rich clusters typical of mature DS chains. In this study, we examined detailed specificities of the three recombinant human 4-O-sulfotransferases using partially desulfated DS as an acceptor. Enzymatic analysis of the transferase reaction products showed that D4ST-1 far more efficiently transferred sulfate to GalNAc residues in -IdoUA-Gal-NAc-IdoUA-than in -GlcUA-GalNAc-GlcUA-sequences. In contrast, C4ST-1 showed the opposite preference, and C4ST-2 used GalNAc residues in both sequences to comparable degrees, being consistent with its phylogenetic relations to D4ST-1 and C4ST-1. Structural analysis of the oligosaccharides, which were isolated after chondroitinase AC-I digestion of the 35S-labeled transferase reaction products, revealed for the first time that D4ST-1, as compared with C4ST-1 and C4ST-2, most efficiently utilized GalNAc residues located not only in the sequence -IdoUA-GalNAc-IdoUA- but also in -GlcUA-Gal-NAc-IdoUA- and -IdoUA-GalNAc-GlcUA-. The isolated oligosaccharide structures also suggest that 4-O-sulfation promotes subsequent 4-O-sulfation of GalNAc in the neighboring disaccharide unit.